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ABSTRACT

Active managenent of native Bonneville cutthroat trout
(Qrcor hynchus clarki ut ah)(BCT) began in southern Wah in 1977
when only three small popul ati ons of the subspeci es were known to
exi st, occupying <3 xm of stream Managenent incl uded transpl ant
of individuals fromgenetically pure popul ations, identification
of additional remmant popul ations, devel opment of a wild brood
stock, and actions to protect and improve cutthroat trout habitat.
Vork in southern ah was limted to the Sevier and Mrgin river
drai nages. By 1995, available stream habitat had increased to
>140 k= and incl uded 21 streans. Estinated densities from 1994-
1995 surveys of Age 1 and ol der BCT ranged from118 to 546 fish
per xm, and bionass estinmates ranged from8 to 64 kg per ha
Nunbers of BCT are expected to continue to increase as introduced
popul ations col oni ze recently renovated areas. FPotential threats
to BCT populations are discussed in relation to probl ens that
caused historic declines in abundance prior to 1977.

| NTRCDUCT! ON

The Bonneville cutthroat trout (Qncorhynchus clarki
utah) (BCcT) isthe only trout nativeto the GQeat Basin in Uah.
Wthin the eastern portion of the Geat Basin, this subspecies
once occupied ancient Lake Bonneville and was abundant
t hroughout the Bonneville basin when early settlers first
arrived in the inter-nountain west. Nunbers of BCT rapidly
declined in the late 1800's and early 1900's as a result of
habitat nodifications, introduction of nonnative fishes, and
over - harvest (Cope 1955, Hickman and Duff 1978, My et al
1978, Duff 1988, Behnke 1992). In particular, native trout

wer e di spl aced and hybridi zed by w despread introductions of
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rai nbow trout (Oncorhynchus mykiss) and Yel | owst one cutt hroat
trout (0. c. bouvieri). By 1955, it was feared that BCT m ght
be extinct (Cope 1955). Neverthel ess, a few remant
popul ations were reported in the 1970's after cl ose exam nation
of isolated streans in renote |ocations. Behnke (1976)
identified a nunber of remmant popul ations in Wah, including
three in southern Wah that he recommended be used t o establish
new popul ations i n other areas.

Remmant popul ations in southern Utah were found in Birch
Oeek, a snall headwater streamin the Beaver R ver drainage,
and Reservoir and Water canyons in the Virgin R ver drainage
which is part of the | ower Col orado R ver basin just outside of
the Bonneville basin. It was uncertain if these latter two
popul ati ons occurred naturally in the Virgin R ver drai nage or
were introduced by very early settlers (Behnke 1976 and 1992).
In 1977, trout fromthese three popul ations were restricted to
<8 km of stream

Attention was focused on BCT after the US Fish and
WIldlife Service considered them as a candi date species for
federal listing under the Endangered Species Act and concern
nmounted over the condition of the Birch Qeek popul ation
(Bureau of Land Managenent 1976). The State of Wah, D vision
of WIldlife Resources (UDWR) initiated nanagenent actions to
expand t he range of BCT by transplanting individuals fromthe
Birch Geek population in 1977. Shortly thereafter, several

nore remant populations from the Bonneville basin were



recorded (Hickman and Duff 1978). By 1988, 40 BCT popul ations
wer e docunented in the states of Wah, Nevada, Wom ng, and
| daho (Duf f 1988).

Wrk in southern U ah was confined to the Sevier R ver and
Virgin Rver drainages (Figure 1). The Beaver R ver, although
a fairly discrete drainage, is a major sub-basin of the Sevier
Rver. Qher west desert drainages of southern Wah are al so
within the historic range of BCT but have limted trout habitat
and remmant popul ations have not been reported from these
areas. The objective of this report is to describe nanagenent
efforts for BCT in southern bah. W eval uated abundance and
distribution in all known BCT popul ati ons during 1994- 1995 t o
determne current status (Hepworth et al. 1997). |In addition,
we report on |and managenent actions that have taken place and
were of significance in altering or protecting habitat for this
fish.

This report deals primarily wth “conservation
populations" of native cutthroat trout designated to protect
and preserve genetically and geographi cally distinct cutthroat
trout subspecies as described by Schmdt et a. 1995
Conservation popul ati ons are di stingui shed from "sportfishing
popul ations," where sport fish nmanagenent and recreationa

fishing are the nmaj or objectives.



METHCDS
Status of Popul ati ons 1994- 1995

Al known BcT popul ations in southern Wah were sanpl ed
during 1994- 1995 usi ng a backpack el ectrofi sher (Hepworth, et
a. 1997). Surveys were conducted when stream conditions
allowed effective sanpling. W avoi ded periods when fl ows were
high, turbidity nmade visibility difficult, or streans were
partially frozen. A mninumof two, 161-m(0.1-mle) stations
were el ectrofished on primary streans (defined as the hi ghest
order streamin an area that contained BCT). A nini numof one
station was electrofished on primary stream tributaries.
Stations included habitat representative of the stream or
stream section. One el ectrofishing pass was nmade through a
station, noving upstream and we attenpted to collect all BCT
except young-of -the-year (Y-OY). Measurenents of individual
fish lengths (TL) were taken on all BCT collected. Y-0-Y were
observed from m dsummer through fall and were snaller than
about 76 mm (TL) . Y-O Y were noted as present or absent. Al so
recorded was t he nunber of larger (>76 mm TL) BCT observed but.
not collected, and that nunber was added to the nunber
collected to estimate mni mum popul ation of Age 1 and ol der
BCT. Previ ous estimates of mni mum popul ati on based on one
pass were simlar to population estimates nade using the
renmoval method (zippen 1956).

I ndividual fish weight was estimated using the



relationship: Log(Wight) = -4.91367 + 2. 95756 Log(Length) ;
t he nodel was based on data from 373 BCT fromsix small streans
in southern Wah prior to 1994. W tested for significant
di fferences between the populations used to calculate the
length/weight nodel (Dunn and dark 1974). There was a
significant difference between t he individual regressions, but
we used the pooled nodel to estimate weights and bionass
because maxi num vari ati on between estinmates from pool ed and
i ndi vi dual regressions was only 2 kg per ha

A mnimum of 10 random streamw dt h nmeasurenents (wetted
channel ) were taken at each station to cal cul ate surface area.
Trout standing crop was cal cul ated using estinmates of m ni num
popul ation of Age 1 and ol der fish and nean wei ghts.

W al so el ectrofished outside designated sanpling stations
to determne the distribution(upstream and downstream range)
of BCT in sone streans. Reaches where BCT were observed was
classified as' occupied” habitat. 'Available"” habitat included
occupied areas as well as areas where we thought BCT woul d
eventual | y becore established. Stream | engths were taken from
US Ceological Survey 7.5-mnute series topographical maps.

To describe changes and trends in BCT popul ations, we
conpared recent abundance and distribution data to past
information from UDWR files. W also nmade sone conparisons
with data for nonnative rainbow trout at several |ocations
where they were l|ater renmoved prior to establishing BCT by

transplants. Survey nethods used prior to 1994 were sinmlar to



those listed above. V¢ nade visual observations to suppl enent
formal surveys at sone BCT streans, and reviewed rel ated work
such as collections for transplants. Inportant |and nmanagenent
actions that influenced BCT habitat were reported for each

stream

General Managenent 1977- 1995

Pure popul ations of BCT were identified by at |east two
i ndependent reviews wusing different methods: neristic
characteristics along wth fish st ocki ng records,
el ectrophoresis, and mtochondrial DNA anal ysis (Behnke-1976
and personal communi cation, Thonpson 1987, Martin and Shi ozawa
1982, Martin et al. 1985, shiozawa and Evans 1993, Shi ozawa and
Evans 1994a, Shi ozawa and Evans 1994b).

BCT popul ati ons were established by transplanting fish
fromremant popul ations into other area streans. Transpl ants
were nmade with standard hatchery transport trucks or snall
oxygenated water coolers, Water coolers and nedical -size
oxygen bottles were used w th backpacks or with horses to
complete work in renote |ocations, Streans schedul ed for
transpl ants were renovated with rotenone to renove nonnative
trouts. After the first two projects, it becane standard
practice to treat streans wth rotenone on two successi ve years
to insure conplete renoval of fish. Wth three exceptions,

nonnative trouts were the only fishes present in renovated



streans. Provisions were nade to protect or replace other
native fish species in areas where they occurred.

Criteria that were used to select transplant sites
I ncl uded (1) geographic |location and drainage, (2) the ability
of the new area to support trout, (3) avoidance of public
controversy, (4) the feasibility of renoving all nonnative
trout, (5) isolation of the new introduction site from
potential re-contamnation by nonnative fishes, and (6)
preference for new areas to be located on public lands. In
addition, inrecent years it becane nore inportant to maxi m ze
the nunber of stream mles gained from individual projects.
Smal | projects have becone |ess practical because of the
difficulty and time required to attain environnental clearances
for rotenone treatments and agency approval s to i ntroduce fish

W limted the nunber of fish taken for transplants to
protect donor popul ations. The nunber of fish transplanted was
based on total donor population size and the ability of the
popul ation to replenish itself. W limted the size of fish
transpl anted, |eaving behind y-0-y and | arger adults. A so, a
portion of each donor stream was set aside as a refuge area
from which transplanted fish were not collected. In total,
<20% of a donor popul ation was transpl anted in any single year.
Wth the exception of two of the snaller streans that received
transplants, all primary streans received a mnimum of 100
transpl anted fish (which included the sumof introductions into

tributary streans).



A BCT brood stock was devel oped simlar t o recommendations
made for other subspecies of cutthroat trout (US Fish and
Wldlife Service 1983a and 1993, Behnke 1992). As part of the
effort to develop a brood stock of BCT, a new popul ation of
trout was first established in Pine Geek with transplants from
the original three remmant southern Wah popul ations. The Pine
Creek introduction increased total fish nunbers and nade fish
avail able for introduction into a reservoir, where fish size
and egg production could be increased. Wien mature trout from
the reservoir attenpted to spawn in a tributary stream they
were trapped to procure and fertilize eggs for culture and
managenent purposes. Standards for di sease certification were
mai ntained during all stages of brood stock devel opnent

(Col orado R ver WIldlife Gouncil 1995).

. RESULTS

Popul ati on Eval uati ons

By 1995, remmant BCT popul ati ons were known to exist in
Si X streans in southern Wah, and had been transpl anted i nto an
additional eight prinmary streans (Hepworth et al. 1997) (Figure
1 and Table 1 . Since 1977, new discoveries of remant
popul ati ons from southern Wah were nade from Deep C eek
(Behnke 1976, WMartin and Shiozawa 1982), the North Fork of
North Creek (Martin and Shiozawa 1982), and Ranch Greek (this

report and D K Shiozawa, Brigham Young University, personal
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comuni cation). Qutthroat trout from Birch Geek were
transpl ant ed into five additional streans, counti ng
tributaries. Fish fromReservoir and Water canyons were each
transplanted in three additional streanms. A mxed popul ation
from Water and Reservoir canyons was established in the nain
stem of Leeds O eek and one of its tributaries, Pig Oeek.
Sout hern W ah streans contai ning BCT i ncreased from <8 km
of occupied habitat in 1977 to 140.5 xm of avail abl e habitat
and >57 km of occupi ed habitat by 1995 (Table 2. Imrediately
following the drought in 1977, known nunbers of BCT in southern
W ah probably declined to <2000 fish. Qurrently, we estinate
>14,000 BCT in southern Wah streans, plus two reservoir
popul ati ons. Nunbers of trout shoul d nore than doubl e agai n as
recent introductions expand to fill avail abl e stream habitat.
Wthin several years follow ng transplants, introduced trout
were successfully established in all new |ocations. Al
transpl ant ed popul ati ons renai ned successful through 1995, with
t he exception of Sam stowe Oeek. W found cutthroat trout in
Sam Stowe (reek to be hybridized with rainbowtrout. This was
probably a result of highway construction or changes in
irrigation structures on the streamthat renoved barriers which
had previously isolated Sam stowe CGeek from dear Oeek. The
cutthroat trout introduction into Sam stowe Oeek was initially
successful and a genetically pure popul ation of BCT |asted from
1977 to at |least 1984 as indicated by a survey at that tine.
Estinmated densities of Age 1 and ol der BCT ranged from 118
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to 546 fish per km and bionass estinmates ranged from8 to 64
kg per ha (Table 2). Several age-groups of BCT were coll ected
at nost |locations, with older fish ranging up to 305 mm TL.
Most fish collected were between 100 and 250 mm TL The
hi ghest bi omass estinates for Age 1 and ol der BCT were for the
Leeds Oreek drainage, where it ranged from53 to 64 kg per ha
The | owest estimate was Water Canyon, where habitat was <1 km
during dry years. BCT densities (trout per kmn) were higher
during'recent than past sanpling at four streans (Table 3).
Recent bionmass estimates were internedi ate between estinmates
for past years at two waters and |lower than any previous
estinates at two of the streans.

Popul ati on- data were al so avail abl e for two streans that
contai ned rai nbowtrout prior to BCT introductions (Table 4).
Leap O eek had an estimated popul ation of 360 rai nbowtrout per
km in 1983, conpared to 304 and 130 BCT per km in 1989 and
1995, respectively. Popul ation estinmates for Leeds O eek were
646 rai nbow trout per kmin 1980 and 193 BCT per kmin 1995.
Estimates of bionmass for these two streans were al so less for
BCT popul ati ons conpared to rainbow trout, but nean | engths for
BCT were substantially greater than those recorded for rai nbow
trout. In all the streans that we surveyed during 1994- 1995,
the greatest bionass (kg per ha) was from the hybridized

popul ation in Sam stowe O eek (Table 2).
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Brood St ock Devel opnent

A mxed BCT popul ation was established in Pine Geek with
transpl ants from Reservoir Canyon, Water Canyon, and Birch
Qeek. Atotal of 245 trout were transplanted into Pine Oeek
in 1980 (Table 1) as the initial step in creating a wld source
of native brood fish from southern U ah.

An early set back in brood stock devel opnent occurred when
several rainbowtrout were found in a headwater spring in Pine
Creek shortly after BCT were introduced. The headwater area
was the only location al ong the streamwhere rai nbowtrout were
found when the stream was first treated with rotenone. The
rest of the streamhad contai ned brow trout (Salmo trutta).
The upper one-fourth of Pine Oeek was retreated on consecutive
years. Salvaged cutthroat trout fromthe treated area and from
the lower end of the stream were noved back into the upper
stream follow ng treatnent. After the second treatnent
project, nost of the streams length was el ectrofished for each
of the next 5 years without finding any evidence of rai nbow
trout. This was done in part to collect sanples for di sease
certification as part of the brood fish project, but it also
allowed the stream to be inspected for the presence of
nonnative trouts and hybrids. D K. Shiozawa (personal
communication) studied trout fromthe | ower one-third of Pine
Qeek in 1990 usi ng DNA net hods (capabl e of detecting mater nal

introgression at the 2% level) and failed to find any
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I ndi cation of rainbowtrout hybridization.

Atotal of 714 BCT fromPine Oeek were transplanted into
Manni ng Meadow Reservoir at the head end of the Manni ng O eek
drai nage in 1990 and 1991 (Table 1). Eggs were taken for the
first time at Manni ng Meadow Reservoir in-1992. Yearly (1992~
1994) total s of 19,000, 61,000, and 57,000 eggs were coll ected
fromthe original transplanted trout and successfully raised in
UDWR fish hatcheries. Atotal of 177,000 eggs were taken in
1995 from both the progeny of the transpl anted fish and sonme of

t he renai ni ng transpl ants.

Habi tat St at us

Efforts were nade to correct habitat problens on BCT
streans (Table 5). In-streamstructures were installed under
the direction of the u. S Forest Service (USFS) and t he Bureau
of Land Managenent (BLM), and consisted of |og or rock drop
structures and bank revetnents. Structures reduced stream
velocities and erosion, and thereby, encouraged natural
rebuil ding and re-vegetation of stream banks, as well as
directly providing pools and cover for trout. Fences were
constructed in association with in-stream structures to protect
riparian areas fromlivestock grazing. Sone streans, such as
Leap CGreek, South Ash Oeek, and Leeds O eek, had excellent
riparian areas, good trout habitat, and did not require habitat

i nprovenent work. Road closures and road rel ocations at Birch
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Creek, Pine Geek, and Water Canyon Oreek were nade t o reduce
vehi cl e use al ong streans, reduce erosion, and hel p stabilize
stream banks. The road closure to Leap Oeek was the result of
W derness designation, but further isolated the stream and
prevent ed vehi cl e access and associ ated i npacts.

Fish barriers were constructed or enhanced by t he USFS on
the North Fork of North CGreek and Threem | e Creek, by the BLM
on Birch Geek, and by UDWR on Manning Creek and Sam Stowe
Creek (Table 5). The barrier on Birch Oreek gave additi onal
protectionto a remant popul ation that was al ready isol ated by
seasonal dewatering of the | ower streamreaches. The barriers
on Threemle Oeek and Manning Creek were part of projects
whi ch est abl i shed new BCT popul ations in areas which were al so
partially isolated by seasonal dewatering, Construction of a
barrier on the North Fork of North Creek increased avail abl e
habitat for a remmant population from23 to 8.8 km of prinary
streamand added 4.3 km of tributary stream(Pole Qeek). The
barrier on Sam Stowe O eek was reconstructed in 1996 in
anticipation of renovating the streamto restore a pure BCT
popul ati on,

Changes in land and wat er uses, ownership, and other |and
nmanagemnent resource designations al so had positive inpacts on
BCT (Table 5). The state of Wah, Dvision of Parks and
Recreati on purchased property on the |lower end of Sam Stowe
Creek in 1986 as part of a larger state park acqui sition that

converted the entire stream length to public lands. Threemle
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Creek was designated as a riparian nanagenent denonstration
area in 1989 by the USFS and BLM, and was subsequently
recoormended as a transplant site for native cutthroat trout.
The UDWR purchased water rights, including rights to Manni ng
Meadow Reservoir and Barney Reservoir in 1988, along wth
acqui sition of property onthe |ower end of the stream That
portion of the streamthat retains perennial surface flows is
now entirely |located on state, BLM, and USFS admni stered | ands
wWth in-streamwater rights decreed to UDWR in 1991. Barney
Reservoir was constructed in 1990 at a size of 7.3 surface ha
and Manni ng Meadow Reservoir is managed at a full pool of 22
surface haa The Pine Valley WI derness Area was established in
1984 and entirely enconpasses Reservoir Canyon -and also
I ncl udes t he headwat ers of Véter Canyon, Leap, MII, and Harnon
creeks. The USFS finalized forest nanagenent plans in 1986 and
designated a nunber of BCT streans for "enphasis on fish
habi t at improvement" (Sam Stowe (reek, Manning CQeek, Birch
Creek, North Fork North Qeek, Pine Oeek, and Vater Canyon
Creek) and for "intensive ripari an management" (Leap O eek,
Sout h Ash Oreek, and Leeds O eek) .

D SQUSSI ON

Drai nages and Fish D stributions

In general, we tried to naintain native trout popul ati ons

wi t hi n defined drai nages and avoi ded inter-drainage transpl ants
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(Figure 1 and Table 1). The Sevier R ver and Beaver R ver
along with that portion of the Virgin R ver drai nage contai ni ng
BCT are nost closely associated with what had been the
sout heast armof ancient Lake Bonneville, which represents only
a portion of the total historic range of BCI. Behnke (1992)
described the origin of BCI as polyphyletic with three
di vergent groups present today (Bear R ver, Snake Valley, and
t he remai nder of the Bonneville basin which includes southern
Wah) that should be nanaged to maintain their geographic
integrity. Nativetrout in southern Wah occurred historically
innaturally fragnented habitats and can be viewed as occurring
on nountai n ranges isolated fromeach other by desert valleys.
Even those valleys with perennial streans offer only limted
connectivity between nountai n streans because of naturally dry
stream segnents, nan-caused dewatering, other physical
barriers, and environments that are inimcal to trout survival.

Aside from the developnent of a BCT brood stock,
popul ations withinthe Sevier Rver and Virgin R ver drainages
were transpl anted wi thin sane drai nages (Figure 1 and Table 1).
No transplants were nade fromthe Bonneville basin into the
Virgin River drainage. |In two cases, trout were transpl anted
from the Beaver R ver portion of the Sevier R ver drainage
(Birch Creek) totributaries in the main stem of the drai nage
(Sam stowe O eek and Threemle Qeek). In these situations,
Birch Geek trout were noved to nountain ranges directly to the

north and south of the Tushar Mount ai ns whi ch t he Beaver R ver
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drains. Pine Oeek, inthe Beaver R ver drainage, was used to
devel op brood stock and received a mxed introduction of BCT
fromBirch eek and the-Virgin Rver drainage. Pine Oeek was
chosen, in part, because of its isolation from other streans.
Pine Qeek's natural connection wth the lower end of the
Beaver R ver consists of >40 km of dry stream channel .

Manning Qeek, also used to develop brood stock, is
anot her exanpl e of streamisolation. A though the nouth of the
canyon where the streamenters the Sevier Rver valley is <8 km
fromthe Sevier Rver, surface runoff reaches the river only
during high spring flows. Sreamflows usually sink into a
broad al | uvi al deposit outside of the canyon nouth. Shi ozawna
and Evans (1994b) concluded from DNA anal ysis that |ess gene
fl ow occurred between popul ations of UWah's native trout than
has commonl y been t hought, even considering when streans were
nore i nterconnected prior to nan's i npacts.

Deep and Ranch creeks contain the only potentially pure
remmant BCT popul ati ons known fromthe Sevier R ver drai nage,
outside of the Beaver Rver basin (Figure 1 and Table 1).
Behnke (1976) examned a nunber of fish supposedly from Deep .
O eek and concluded that they were hybridized, to a snall
extent, with rainbowtrout. However, sone confusion occurred
with labeling when the first sanples were sent for
identification, and the results were confounded with fish from
three streans (BE My, personal communi cation). Additional

el ectrophoretic and DNA analysis of trout from Deep O eek
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(Martin and Shiozawa 1982 and D. K. Shiozawa personal
communi cati on) showed no sign of rainbowtrout introgression.
Future pl ans shoul d i ncl ude transpl anti ng popul ati ons from Deep
and Ranch creeks.

The di scovery of BCT inthe Virgin R ver drai nage creates
guestions over the origin of these fish and subsequent
managenent acti ons. Al though the Colorado R ver cutthroat
trout (Q. c. pleuriticus) has been suggested for nanagenent in
this area, it is not an appropriate fish for introduction even
though the Virgin Rver is part of the Col orado R ver drai nage.
The natural distribution of Colorado R ver cutthroat trout is
>500 km renoved fromthe Virgin R ver drai nage, separated by
the G and Canyon (Behnke 1992). The Virgin Rver's native fish
fauna is derived fromthe | ower Colorado R ver basin. If trout
had evolved in this systemfromthe Col orado R ver drainage,
the closest natural source would have been the Gdla trout
(oncorhynchus gilae gilae) in central Arizona.

Behnke (1976 and 1992) discussed the |ikelihood of BCT
occurring naturally in the Virgin R ver drainage and presented
argunents for and against this possibility. Early residents
testified that cutthroat trout were present in the Santa dara
R ver (Figure 1), a Virgin Rver tributary, as early as 1863
(Mller 1961), with only a noderate divide separating G ass
Valley at the upper end of the Santa O ara R ver drainage from
t he Bonneville basin. Residents of the area, which was settled

in about 1855, thought the cutthroat trout occurred naturally
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and were aware of rainbow trout being stocked after 1900.
Gonversely, it can be argued that if BCT occurred inthis area
naturally, it seens as if they shoul d have been nore w despread
t hroughout the Virgin R ver drainage and noted in other early
fish collections.

We found sone evidence that supports BCT occurring
naturally in the Mirgin R ver drainage. J. D Lee's diary
noted that he caught many trout fromthe Santa Qara R ver in
1859 (deland and Brooks 1983). Judging from our BCT
transplants, for trout to have becone as abundant and
w despread in the upper Santa dara R ver as described for the
years 1859 and 1863 (MIller 1961, deland and Brooks 1983)
transpl ants woul d have had t o have been nade near or before t he
time that pioneers entered the Salt Lake Valley in northern
Wah in 1847. Such an introduction seens unlikely. W also
recently found a native Virgin R ver fish, the desert sucker
(Catostomus gclarki), in the Bonneville basin in this sane
general area, just across the drainage divide from the
headwat ers of Magotsu Oreek, a Santa Qara R ver tributary.
This is the only location in Wah where desert suckers have
been found outside of the Virgin R ver drainage, and it raises
the possibility that different species naturally noved in both
di recti ons between drai nages.

The t opography and geol ogy of Grass Valley QO eek provides
evi dence of natural stream piracy between two basins (c. F

Lohrengel, Geology Departnent Southern Wah University,
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per sonal communi cation). During the existence of Lake
Bonnevi Il e (>10,000 years ago) Grass Valley O eek probably was
atributary to Pinto Geek which, in turn, flowed into Lake
Bonneville. Volcanic activity in this area within the |ast
2000 years probably diverted Gass Valley Oeek into the Santa
Jara River and the Virgin R ver drainage. Today, a downhill
course can still be traced on contour nmaps from G ass Vall ey
Oeek to the South Fork of Pinto O eek. Area residents
attenpted to divert Gass Valley Oeek into Pinto Geek via a
ditch in about 1912, but the systemwas not naintained (W ah
State Division of Water Rights, personal communication). In
about 1922, a successful diversion through a tunnel was
conpleted that 1is still functional. Al t hough man- nmade
di versi ons mght have allowed BCT t o nove between drai nages,
water was not diverted in time to explain early reports of
trout inthe Santa dara R ver.

If a natural transfer of trout occurred in recent geol ogic
tines, native trout mght not have had tinme to expand w thin
the Virgin R ver drai nage beyond the Santa dara Rver. Under
current conditions, barriers would prevent upstream novenent
into nmost cold water habitats, and novenents in |ower
elevations are inhibited by tenperatures, turbidity, and
unfavorabl e habitat. Several endemc fishes in the Virgin
Rver are limted by simlar barriers even though the fish
evolved in the system and upstream habitat is available.

| ntroductions of nonnative trouts by nman soon after the turn of
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the century woul d have further nasked t he invasion of BCT into
the Santa dara R ver systemand prevented further expansion.
In regard to present nanagenent, BCT appear to be the nost
appropriate trout for use inthe Virgin R ver drai nage and are
likely nativeto at least the Santa Qara R ver portion of the
dr ai nage.

Recent history of BCT in Reservoir Canyon Oeek is nore
clearly docunented. Kuren Gardner, a rancher from QG ass
Valley, related to us in 1980 how he hel ped his ol der brother
collect cutthroat trout fromGass Valley Oeek by their house
i n approxi nately 1913 when he was about 12 years old. The fish
were then |oaded on horses and taken up the nountain and
rel eased into Reservoir Canyon, a headwater tributary to G ass
Vall ey that had previously been devoid of fish. QGass Valley
Oeek was later stocked wth rainbow trout, which are the
predomnant trout found in this |ocation today, BCT in
Reservoir Canyon renained isolated from nonnative trout in
QG ass Valley Oeek by nunerous waterfalls.

BCT from Water and Reservoir canyons are thought to be
alnost identical because both streans are neighboring
tributariesto Gass Valley Geek, A mxed popul ati on of BCT
from these streans was established in Leeds Oeek and its
tributaries (Table 1), recreating a situati on somewhat simlar
to historical conditions inthe Gass Valley area. BCT were
transplanted to Leeds Oeek after a wld fire decinmated the

exi sting rai nbowtrout population,
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Qutthroat Trout Popul ati on Dynam cs

Many factors influenced trout densities in both remant
and transplanted BCT popul ations. These included habitat
quality, which was often determned by |and nanagenent
practices, and natural events such as droughts, floods, and
fires. Many of the streans we surveyed were relatively snall
and the anount of trout habitat varied considerably wth annual
variations in stream fl ow Mich of |ower Birch Oeek, for
exanpl e, contai ned margi nal trout habitat which was caused by
| ow flow and high water tenperature. Surveys were conducted
six tinmes on Birch Oreek since 1970 (Table 3). Estimated BCT
densities generally exceeded 250 fish per km, with >10 km
occupi ed during extended periods of high water. Fol | owi ng
droughts in 1977 and the early 1990's (U ah Qimate Center
1994), BCT density was generally <175 fish per xm. |n 1980,
the population was confined to the upper 3 kxm or |ess of
stream Changes in | and nmanagenent (Bureau of Land Managenent
1976) have since inproved trout habitat in Birch CGeek and
reduced inpacts of recent drought. Even though the |atest
drought was nore severe and of |onger duration than the 1977
drought, a healthy popul ation existed in >6 kxm of stream

Effects of drought were even nore dranmatic at Wter
Canyon, where surveys were conducted follow ng droughts in
1977, the late 1980's, and early 1990's (Table 3). BCT

densities were very |ow By late summer 1989, BCT were
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restricted to <0.5 km of stream near the headwaters; the
remai nder was conpletely dry. Good water years occurred during
t he mid-1980's (Wah dinmate Center 1994) and fish expanded
into >3 km of stream Fornal surveys were not conducted in the
mid-1980's, but we knew BCT nunbers and range had increased
greatly by our observations. In fact, we collected and
transpl anted >190 BCT fromthe | ower portion of Water Canyon in
1986- 1989 to establish populations in Leap, Spirit, and Pig
Oeeks. Al BCT collected for transplants were taken fromt he
| oner 2 km of streamwhich had been dry in 1977. During our
1995 survey, BCT were still recovering fromthe drought that
began in 1989 and were restricted to approximately 1 km of
stream

Fires, flash floods, and associated changes in water
gual ity al so have inpacted BCT in southwestern Wah. Summer

rainstorns followwng a 1986 wild fire in the Leeds Ceek

wat er shed severely reduced t he rai nbowtrout popul ation present ..

at that tine. The few surviving trout were found in springs
and tributaries. Propst et a. (1992) reported a simlar
. phenonenonfollowing fire for Ala trout (Q gilae) in snall
streans in New Mexico. Wen BCT were introduced into Leeds
QO eek, they were placed in nore of the tributaries and further
upstream in headwater springs to reduce the chance of
elimnation by a future fire.

Duff (1988) reported that several transplanted groups of

BCT were elimnated as a result of droughts and spring fl oods
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in 1983-1984. This did not occur in southern Wah despite
f | oodi ng, Spring floods caused habitat damage and reduced
stream carrying capacity, but did not elimnate fish
popul ati ons. BCT in Pine QOeek (Table 3) successfully
reproduced during the flood years and increased in total nunber
following their recent introduction, although stream habitat
was badly danmaged. Streamconditions and potential carrying
capacity afterwards inproved from both natural processes and
managenent efforts.

Anot her factor that influenced the density of BCT in newy
establ i shed populations was the tine between the original
transpl ant and our sanpling, Many of the new popul ati ons were
still expanding and they probably had not reached carrying
capacity, The nunber of BCT initially introduced and the
distribution of introduction sites influenced the rate of
popul ati on expansi on. A Pine Oeek, for exanple, where a
relatively large nunber of fish were introduced at several
sites, BCT were abundant throughout the streamw thin 4 years,
At Sam stowe O eek, in contrast, where a snaller nunber of BCT
wer e introduced in the headwaters, BCT were not present in the
| oner reaches after 7 years. In all instances where BCT
i ntroductions were limted to headwat er areas (Sam stowe, Leap,
Sout h Ash, and Leeds creeks) downstream novenent was slow, even
when larger nunbers of fish were transpl anted. Fish were
abundant in areas close to where they were released within a

few years after introduction, but were often absent only a
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short di stance downstream

Use of short termstudies of fish populations to assess
| and managenent practices or build predictive nodels has been
criticized for a nunber of reasons. Platts and Nel son (1988)
found that trout popul ations in western streans, including sone
cutthroat populations in the Geat Basin, exhibited |arge
annual fluctuations. House (1995) reported that a wld coastal
cutthroat popul ation varied fromyear to year with no apparent
changes in habitat conditions. Al though we were limted to a
single population estimate for nany of the 'younger”
transpl anted popul ations, we had nultiple-year estinates of
density and bionmass for a nunber of populations (Table 3).
A so, we excluded y-o-Y trout fromour estinates as suggested
by House (1995) to elimnate the variation inherent when
I ncluding that age-group, and we did not limit our overall

eval uation to formal survey data (see Mt hods).

MANAGEMENT | MPLI CATI ONS

I n general, BCT habitat and status in southern Wah has . .

i nproved since the |ate 1970's when conservation efforts began.
Proposed recovery plans for the greenback cutthroat trout (Q.
c. stomias) from (ol orado's east sl ope included establishing a
m ni mrum of 20 popul ations in 50 km of stream as part of the
requi renents to renove the subspecies fromthreatened status

under the Endangered Species Act (U.s. Fish and Wldlife
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Service 1983a). The Gla Trout Recovery Pl an is nore general,
noting that down-listing to threatened woul d be consi dered when
all known indigenous lineages are transplanted in the wld
(US Fish and WIdlife Service 1993). The Arizona Trout
(Apache Trout) (Q ache) Recovery Plan lists the
est abl i shnent and/ or nai nt enance of 30 di screte sel f-sustaining
popul ations as a goal for delisting (US Fish and Wldlife
Service 1983b). In conparison, the nunber of BCT popul ati ons
present in southern Wah, which represents only a portion of
t hat subspecies! current range, is now approaching |evels
listed as objectives for the Southeastern managenent unit
identified in the State of Wah's Conservation Agreenent for
BCT.

Mbst inportant, agency regul ations and polices, along with
state and federal l|aws, provide habitat protection that did not
exi st when BCT suffered dramati c popul ati on declines. Utah's
conceptual managenent plan for cutthroat trout (Schmidt et al.
1995), federal |and and resource nanagenent plans, interagency
nmenor anduns of understanding, and agency lists of species
needi ng special attention all provide enphasis to hel p protect
BCT. Most recently, the state of Wah in cooperation with the
us Fish and WIldlife Service and other agencies have
devel oped a draft Conservation Agreenment and Managenent
Strategy for BCI. Furthernore, state and federal statues now
require critical reviewof all projects which may inpact the

envi ronment and provide protection for aquatic and riparian
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habitats. Today, state fish and wildlife agenci es have polices
whi ch prevent indiscrimnate introductions of nonnative fishes.
Wher eas i ntroductions of nonnative fish was probably the nost
important factor leading to BCT declines in the past, careful
reviews, approvals, and records of even routine fish stockings
are now required.

Eggs taken from wild brood stock at WManning Meadow
Reservoir have reduced stocki ng of nonnative trouts in sout hern
Wah. For the first time, enough BCT were raised in 1995 to
repl ace Yel |l onstone cutthroat trout normal ly rai sed and st ocked
for sport fishing in the southern portion of the Bonneville
basi n. Having a large source of native trout available for
sportfish managenent al so allows introductions of native fish
to be made into narginal areas where transplants of limted
nunbers of wild fish would not be risked. New introductions
can also be made in areas with high sport fishing interest
where native popul ations could not be established in short
periods of time fromsnall transplants.

Over-fishing in places |ike Uah Lake or Panguitch Lake
may have hastened the decline of BCT in those |ocations.
Neverthel ess, angling has not been a threat to BCT popul ati ons
In southern Wah during recent years. Many of the BCT streans
are in renote locations and are difficult to fish. Mst BCT
are snall and attract little attention from anglers. Al
popul ati ons we worked with can sustain sone fish harvest as

shown by the 1994- 1995 surveys and t he recovery of popul ati ons
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followi ng transplants. Wth the exception of Manning Meadow
Reservoir, restrictive regulations or closures have not been
necessary.

A limted season (July through Decenber), restrictive
nmet hods (flies and lures only), and Ilimted take (catch and
rel ease only) regulations were inposed at Manning Madow
Reservoir to protect BCT that were introduced as brood stock.
Thi s approach allowed the public to continueto fish in an area
of high interest. Fi shing regul ations were relaxed in 1995
after nunbers of BCT increased, allow ng a possession |limt of
two fish.

One of the greatest problens with BCT nanagenent today is
gaining environmental clearances and agency approvals to
conduct field projects intended to benefit this fish.
Qppositionto BCT projects has devel oped because of potential
listing under the Endangered Species Act and fears that
projects will cause negative inpacts on other interests and
| and uses. Behnke (1992) provided a warning in his epilogue
about a potential "backlash" agai nst t he Endangered Speci es Act
and cautioned about the need to prevent perceptions of "over-.
zealous" applicationof the act. It is ironic that sone of the
| egi sl ation and policies designated to protect native fishes
are now becomng the stunbling blocks that Iimt on-the-ground
projects. A bal ance needs t o be achi eved between over-ri gorous
agency enphasis of BCT nanagenent and such limted enphasis

that appropriate plans and budgets are lost. The intent of
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devel opi ng an i nteragency Conservati on Agreement and Strategy,
in part, is to resolve sone of these problens and avoid the
negati ve aspects of proposed federal |isting.

Despite sone regul atory and administrative probl ens, BCT
are far less threatened in southern Wah today than they were
20 years ago. Al though BCT are not as abundant as they were at
the turn of the century, the trend since 1977 has been one of

I ncreasi ng abundance and expandi ng range.
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Table 1. Loeahon and source of Bonneville cutthroat trout in southern Uta

[ Deep Croek DNF, BLM Remnant 19824 - .
I ) Sam Stowe Crook FNF, ST Transplant 1977 ) BC
ir 3 Threemile Creek DNF, BLM Transplant 1994 13 BC
I Delong Creek DNF Transplant 1994 30 BC
Indian Hollow DNF Trensplant 1994 30 BC
4 Menning Crook Reservoir FNF, BLM, ST Transplant 1990 74 PC "
5 Ranch Creek DNF, ST Remnant 1908 ¢ - -
Beaver River drainage®
6 Birch Creek FNF, BLM Remnant 1973° - N
1 N. Fk. North Creek FNF Remnant 1982* - .
1] Pole Creek FNF Transplant 1995 35 NFC
H 8 Pine Creck FNF, ST, PR Transpiant 1580 303 BC.RG, We il
|r 9 Briggs Creek uwp st Transplant 1988 100 BC ||
2%7 Virgin River drainage
10 Reservoir Canyon Creek DNF Remnant 1973* . -
1 Water Canyon Creek DNF ‘| Romnant 1973 - .
12 Leap Croek DNF Trensplant 1986 7 wc
13 South Ash Creek DNF Transplant 1986 0 RC
Harmon Creek DNF Trensplant 6 80 RC
Mill Croek DNF Trensplant 986 2] RC
14 Leeds Creek DNF Trensplant 989 % RC
Pig Crock DNF Transplant T 60 RC, WC “
Spirit Creek DNF Transplant 1988 53] we
i Horse Creek DNF Transplant TS 3s sp

IE.= Dy
~ .‘%N

¥reck, NFC = Nosth Fork Croek, RC = Reservoir Canyon, WC = Water Canyon, PC = Pine Creck, and SP = Spirit Creck.

%‘Wmmm d Menagement, ST = state land, and PR = private land.
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et al. 1997).

94-218

2(2) 9.7 1484 9.1 49 150
Sam Stowe Creek * 3(3) 143 48 438 306 2136 143 T00 169 | 130228
Threemile Creek Introduction in 1994 131 88 b
Delong Creek Introduction in 1994 34 b ]
Indian Hollow Introduction in 1994 1.6 b |
Manning Creek Treatment L . 1995 164 b
Bamey Outlet TreatmentL . 1995 2.1 b
Collins Creck Treatment in 1995 2.1 b
Vale€TIEY Treatment in 1995 19 b
Ranch Creck 7@) 1.04 1.7 45 17 1657 5.5 53 148 80-244
Birch Creck 4(3) 119 88 68 160 1351 5.0 2 146 | 105232
N. Fk. North Creek 6(2) 2.59 83 32 214 827 ) 36 163 | 106234
Pole€TTEY Introduction in 1995 43 b
Pin¢ Creek 3(3) 1.86 63 63 228 1225 5.0 Z1 131 77-222
Briggs Creck @) 1.55 14 10 124 797 5.6 36 66 85-236
Reservoir Canyon Creck Z(2) 235 32 32 546 2336 12.0 S 130 73-225
Water Canyon Creek 3(1) 98 32 08 I8 B 17 8 112 76-183
Leap Creek 42 T80 88 2.7 130 71 56 31 163 92256
South Ash Creek 3(2) 332 60 4.0 ss) 570 89 Z1 T80 | 112-259
Harmon Creck 7)) 271 = 18 174 639 3.5 31 1m 83265
Mill Creek 2(2) 3.11 7.4 5.1 252 807 86 27 151 81214
Leeds Creck 3(2) 271 113 43 254 973 163 60 185 98257
Pig Creck 1(1) 134 16 1.6 230 1723 7.1 53 147 77-249
( Spirit Creek 2(2) 1.46 3.5 1.18 261 1788 9.4 64 154 68-308 l
I Horse Creek Introduction jn 1995 - b - - - - - J

Dt e R e dced.
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Table3. Current abundance(1994-1995) of southern Utah Bonneville cutthr et trout com

&

5
:.5

pared to previousyear s (from Hepworth et al. 1977).

o

Deep Creck (remnant) 1980 ; 161 (1) .
1995 - 435 (1) 118(1)

Birch Cresk (remnant) 1970 404 (1) - 186 (1) H
1974 385(1) 248(1) - - H
1975 230(1) 342(1) H
1980 161 (1) 0(1) 0(1) I
1987 - 335(1) - Jl!
1994 155 (1) 174 (1) 149 (1)

N. Fk. North Creek (remnant) 1970 273 (1) - -
1981 56 (1) - -
1994 214 (2) 0(2) ) 0(2)

Reservoir Canyon (remnant) 1980 397 (1) - -
1995 - 540(1) 553 (1) -

Water Canyon Cresk (remnant) 1980 37(1) 99 (1) 12 (1)
1995 118 (1) 0(1) 0(1)

Sam Stowe Creek (transplant) 1980 174 (1) 0(1) .
1984 422 (1) 25 (1) . '
1995 422 (1) 292 (1) 205 (1)

Pine Creek (transplant) 1982 130 (1) 75(1) 168 (1)
1984 - 298 (2) 248 (1)
1994 180 (1) 230 (1) 273 (1)

Leep Creek (transplant) 1989 304 (1) - -
1994 - 0(1) 0(2)
1995 130(2) _ - _ -

*Bonneville autthrcet trout hybridized with rainbowtrout.
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Table4. Abundance, hiomass and total Ien%-rj\tcompar between Bonneville cutthr cet
trout and rainbow r%n In twQ Souther streams (Samples were &om
aldlﬁ’ewulgmtlme periods but from the same survey locations) (from Hepworth et

Rainbow trout 1983
Cutthroat trout 1989 . 96 (25)

Cutthroat trout 1995 . 163 (41)
Rainbow trout 1980 152 (52)
Cutthroat trout 1995

37



Tableb. Important land managamant adtionsthat jna rotection of
O improved Stream habitgtnln outhernUt ,p1977-1

actionsimplemented).

Bonneville
95 (X Indicates

Ned

Sam Stowe Creek X X X X X
Threemile Creek X X X X
Delong Creek | I
Indian Creek -
Manning Creek X X
Brah Cresk X X X
N. Fk. Narth Creek X I X I X X
PoleCreek
ﬂ PineCreek X X X
Briggs Cresk
Reservoir Canyon Creek
\&a CanyonCreek X | x » X |
[ Leap Creek X
South Ash Creek
Harmon Creek
Mill Creek | I
Leeds Creek
PigCresk
Spirit Crek

X

>

XEIX XX PX XX

Horse Creek

|
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Remnant Populations
O
(O Replicated Populations

Figure 1. Map of the Sevier, Beaver, and Virginriver drainages(from Hepworth et al. 1997).
Reference numberscorrespond to primary st reans containing Bonneville cutthroet
troutasliged in Table 1.
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